Purpose: The aim of this study was to investigate the role of perfusion computed tomography (CT) for identification of local recurrence (LR) and radiofibrosis (RF) in patients with nasopharyngeal carcinoma after radiotherapy. Methods: Forty-eight prospective patients were recruited for this study. NPC diagnosis was confirmed by pathologic biopsy examination. Immunohistochemistry staining was used on biopsy specimens, and microvessel density was calculated by microscopy. Perfusion CT was performed on both the LR group (n ¼ 31) and the RF group (n ¼ 17) after intravenous injection of contrast medium. Time-density curve, blood flow, blood volume, and mean transit time, as well as permeability surface area product, were analyzed as perfusion CT parameters. The microvessel density was compared between both the LR and RF groups. Results: There is a significant difference between the LR and RF groups in microvessel density, the time density curve, blood flow blood volume, mean transit time, and the permeability surface area product (P < .01).
in the southern China. In the Guangxi province, the incidence of NPC is about 4.7 in 100,000 of the population [2] . NPC is mainly radiosensitive, and radiotherapy (RT) is still the standard treatment for NPC. But in nearly 7%e13% of NPC cases, residual disease persists after treatment. Tumour recurrence is usually first visualized by nasopharyngoscopy, then imaging studies follow to assess tumour extent, and finally the confirmation is made by biopsy. Imaging studies are also used to confirm deep recurrences that are not apparent at nasopharyngoscopy based on the patient's history and symptoms. Hopefully, an accurate noninvasive method, which can distinguish between the local recurrence and the radiofibrosis, would be available.
Perfusion computed tomography (CT) is a technique that allows quantitative assessment of various hemodynamic parameters, such as tumour blood flow (BF), blood volume (BV), mean transit time (MTT), and permeability surface area product (PS). Several reports [3e6] discuss the use of perfusion CT for tumours located in the brain as well as in the head and neck. The purpose of our current study was to prospectively assess the perfusion CT for distinction between the LR and the RF in patient with NPC after RT.
Materials and Methods
This study was approved by the institutional review board of Oncology Hospital, Guangxi Medical University; informed patient consent was obtained. From January 2005 to June 2007, a total of 48 patients were enrolled when the following criteria were met: (1) LR of NPC and RF were confirmed by pathologic examination and the diameter of lesion was larger than 2 cm, and (2) the patient's renal and liver function tests were within the normal range. The cohort study included 28 men and 20 women (age range, 30e66 years; mean age, 46.33 years) with a biting biopsye confirmed diagnosis of LR or RF. The patients were divided, according to final diagnosis, into 2 groups: LR and RF.
Perfusion CT was performed with an 8-section multidetector CT scanner (Light Speed Ultra; GE Medical Systems, Waukesha, WI). In order to localize the lesion, a CT scan from the cavernous sinus to the alveolar of the maxillary was obtained without contrast medium during a breath hold and no deglutition. A first acquisition (120 kV, 250 mAs) was obtained without intravenous injection of contrast medium. This helped to localize the lesion and setting 4 dynamic acquisition slices at the correct level. After lesion localization, a 2-cm lesion region was selected independently by the radiologists for the dynamic study in the maximal diameter of the lesion. Four slices were selected to cover the lesion as much as possible. A dynamic study of the selected area was performed at a static table position. Dynamic images (80 kV, 80 mAs) were taken 5 seconds after starting the contrast-medium injection. A total of 50 mL of nonionic iodinated contrast medium (Ultravist 300; Schering Guangzhou, China) (300 mg/mL iodine) was injected at a rate of 4.5 mL/min through an 18-gauge intravenous syringe. Acquisition lasted for 55.65 seconds, at the rate of 4 images per 0.65 second. A total of 340 images were acquired.
Data Analysis
Data were prepared and processed at a workstation (Advantage Windows 4.2; GE Medical Systems) with perfusion CT software (GE Perfusion 3.0) by experienced individuals. Functional maps of time density curve (TDC), BF, BV, MTT, and PS were generated. The functional maps were obtained by (1) displaying images at an appropriate window, such as the soft tissue of the nasopharynx (width ¼ 300 HU, level ¼ 40 HU), and (2) selecting the external carotid artery manually as an input artery and the retromandibular vein as an output vein by placing a region of interest (ROI) (2e6 pixels in size). ROIs were placed in the external carotid artery without any mural calcification. ROIs for the lesions were drawn in anatomic section locations obtained in each patient. It is important that visible vessels and pathologic zones, such as necrosis and/or cysts, would be excluded. The size of the ROI should be at least 50 pixels to minimize the effect of photon noise and with a sufficient margin to avoid partial volume effects ( Figure 1A ). Functional maps were displayed in colours that ranged from blue to red, blue being the lower range of display for BF (colour range, 0e400 mL per 100 g per min), BV (colour range, 0e10 mL per 100 g), and PS (colour range, 0e20 mL per 100 g per min), and red being the lower range of display for MTT (colour range, 0e15 seconds) ( Figure 1B) . This was performed mainly to obtain comparable colour maps.
Immunohistochemistry Staining of Tissue
A frozen section, 5-mm thick, was cut from all samples of both groups. The primary antibody used was mouse antihuman CD34 þ monoclonal antibody (Zhongshan Biologic Preparation Co., Guangzhou, China). Vascular hot spots were screened by using Â 100 magnification. Each microvessel was counted by using Â 200 magnifications. The value was expressed as the number of microvessels per 0.2 mm 2 . Criteria for positive staining and microvessel counting were the same as described by Weidner [7] . The mean microvessel density (MVD) values were calculated at 5 hot-spot areas, including the lesion rim and core regions.
Statistical Analysis
Statistics analysis was done with SPSS (version 13) software (SPSS Inc., Chicago, IL), and the significant difference was defined as .05. An independent sample t test was used to compare the differences in perfusion CT parameters and MVD between the LR and the RF after RT in patients with NPC.
Results
The time-density curve was compared between the LR and the RF groups. Different patterns of the time-density curves were observed; the pattern of the LR group showed a fast initial rising to peak and slowly descending following (Figure 2A) . However, the time density curve of the RF group showed a flat curve ( Figure 2B ).
Perfusion CT parameters were compared between the LR and RF groups. Regarding the perfusion CT parameters between the 2 groups, BF, BV, and PS of the LR group were significantly higher than the RF group (Table 1) ; MTT of the LR group was significantly lower than the RF group ( Figures  3AeD and 4AeD ). This may indicate the high vascularity in LR. There was a significant statistical difference in all 4 above-mentioned perfusion parameters between the LR and the RF groups (P < .01).
Immunohistochemistry Findings
From immunohistochemistry staining, the MVD mean (SD) value of the LR group (55.68 AE 15.8 mm 2) was higher than that of the RF group (14.45 AE 8.46 mm 2 ) (P <.01). The MVD of the LR varied from 30.2e80.6 per 0.2 mm 2. Both clustered and sparse capillaries could be seen in both groups (Figure 5A, B ).
Discussion
The availability of rapid imaging with multidetector CT systems and commercial analysis software has made perfusion imaging with CT easy to use, not only for the brain but also for other body organs. Perfusion imaging is usually performed as an adjunct to a conventional CT examination and, therefore, is particularly appropriate when a conventional CT is part of routine clinical practice [8] . So far in oncology, perfusion CT can give an image related to tumour vascularity, which can differentiate between the benign and malignant lesions. Dugdale et al [9] demonstrated that a higher BF presented in malignant lymphoma after comparing the perfusion CT and pathologic examination. Also, Yeung et al [10] used dynamic CT for assessment of microvascular changes in tumour progression and demonstrated an increase of CTderived BV and permeability that paralleled the advancing age of VX2 tumours. In rectal cancer, a decrease in tumour vascularity at perfusion CT after radiation therapy was associated with a better response to therapy [11] . Results of another study on rectal cancer established a correlation between tumour BF at perfusion CT and MVD; those data indicated that perfusion CT could be used to quantify of tumor angiogenesis [12] . However, so far, no reports were found that used perfusion CT and MVD to compare the LR and the RF in NPC after radiation therapy (RT).
Our preliminary data showed that TDC is a reliable method to distinguish between the LR and the RF groups. To Table 1 Perfusion computed tomography parameters between the local recurrence and the radiofibrosis groups our knowledge, the time-density curve reflects the rate of contrast medium uptake and washout in enhancement. Fastascend and slow descend TDC lied in the local recurrence. ''Flat'' TDCs were observed in the RF group. Our results were similar to and confirmed that early stage contrast enhancement is highly suspicious for carcinoma [13] . In addition, our study indicated that MVDs of the LR group were higher than those of the RF group (but our study considered that the MVD sites by biting biopsy may not always correspond to the ROI selected, so it did not show the correlation between the lesions and MVD). Based on the previous findings of the correlation between the slope and MVD of tumour [14e18], vascularity may explain why the rapid increasing of density was only observed in the early stage of the subjects in the LR group rather than in the RF group with NPC after RT. Our study results also demonstrated that perfusion CT values could be used to verify LR with RF. In the LR group, all of its perfusion CT parameters, such as BF, BV, and PS, as well as MTT, were significantly difference than the RF group. Even though the feeding artery of the LR and the RF is derived from the ascending pharyngeal [19, 20] , the vascularity distinction led to the significant difference between LR and RF. Accordingly, diagnostic imaging is unable to visualize the local microvessel, but, based on the correlation between tissue perfusion and vascular construction, the perfusion CT still could provide reliable information (such as BV, BF, PS, and MTT) about local microvessels in specific areas and parameters for distinguishing between the LR and RF after RT in patients with NPC.
After this study, it is necessary to assess perfusion CT in different stages of RF, compare the parameters and markers of angiogenesis in tumour lesions, and examine the replacement of the external carotid artery by the ascending pharyngeal artery as an arterial input. Also, a prospective study is necessary to confirm perfusion CT to be routing diagnostic application, as perfusion CT may be the extra radio exposure. Our initial experience suggests that the perfusion CT technique parameters (BF, BV, PS, and MTT) are useful and reliable to distinct LR and RF after RT in patients with NPC.
